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Some species of planktic foraminifera inhabiting oligotrophic surface water
environments are in an obligate symbiotic relationship with dinoflagellate microalgae,
which can assimilate carbon (C) through photosynthesis. However, the mechanism
and dynamics of C photosynthate translocation to the foraminiferal host, and related
benefits for the dinoflagellates in this symbiotic association, are poorly constrained.
As a consequence, the role of planktic foraminifera as autotroph organisms in ocean
surface ecosystems is not well understood. Here, we performed pulse-chase
experiments with 13C-enriched dissolved inorganic carbon, followed by TEM and
quantitative NanoSIMS isotopic imaging to visualize photosynthetic C assimilation by
individual symbiotic dinoflagellates and subsequent translocation to their Orbulina
universa host. Although most of the dinoflagellate population migrates out of the host
endoplasm onto external spines during the day, our observations show that a small
fraction remains inside the host cell during daytime. All symbionts, whether outside
or inside the foraminifera cell, effectively assimilate C into starch nodules during
daytime photosynthesis. At the onset of night, all dinoflagellates from the exterior
spine–ectoplasm region migrate back into the foraminiferal cell. During the night,
respiration by dinoflagellates and carbon translocation to the host, likely in the form
of lipids, greatly reduces the abundance of starch in dinoflagellates. Dinoflagellate
mitosis is only observed at night, with a substantial contribution of carbon fixed
during the previous day contributing to the production of new biomass.
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